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Among various forest management activities, thinning is a prevalent treatment that affects tree
growth and living biomass. Increased moisture and light availability may also enhance the
mineralization of litter and dead wood organic matter, impacting soil carbon stocks. Thinning
may also affect the services forests provide, including water production and nutrient cycling.
The impacts of thinning on water yield and carbon stocks have been well documented around
the globe while targeting mainly one of these ecosystem services. Our experimental paired
catchment study covers both and puts forward long term results. We assessed the carbon stock
changes caused by two slight thinning treatments together with the impacts on water yield in
experimental paired catchments of 71.9 (W-1) and 77.5 hectares (W-1V) in Istanbul, Tiirkiye.
The null hypothesis was that the slight thinnings did not affect the water yield and carbon stocks
significantly. On the carbon stock part, we calibrated and parametrized the CBM—-CE3 model
with field measurements to simulate changes in carbon stocks of mixed deciduous forest stands.
The intensities of the treatments (thinnings) were 11% and 18% of the basal area, performed
in 1986 and 2011, respectively. We found that, while C stocks decreased by around 30 tons
per hectare during the 1986-2020 period, the water yield was enhanced by approximately
25 mmlyr in the treatment catchment compared to the control watershed during the four-year
post-treatment period. This amount of streamflow increase was around 10 percent of the average
water yield of the catchments. It was concluded that there was a detectable increase in water
yield during the following four years of the slight thinning treatments, while the reduction in

abovegound carbon stocks continued for more than three decades.
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1. Introduction

Thinning is a widespread forestry treatment to
maintain forest health and stimulate the growth per-
formances of the stands. Several benefits of thinning
have been reported in the literature, such as high-
quality timber production, increased carbon seques-
tration, and enhanced biodiversity (Tsamir et al. 2019,
Moreau et al. 2020, Zhou et al. 2020). Additionally,
some studies concluded that thinning could increase
the resiliency of the ecosystems against forest fires,
insect damages, and droughts (Andrade et al. 2020).
The influence of thinning on ecosystem functioning
has been evaluated and reported extensively. Studies
on water use efficiency provided some comparative

assessments on carbon removal versus water produc-
tion. For example, Tsamir et al. (2019) compared the
carbon and water fluxes at stand scale and concluded
that thinning reduced water use more than carbon up-
take. However, there are few studies on a paired catch-
ment methodology that compares the two significant
ecosystem functions.

Periodically thinned forests can have higher GHG
mitigation benefits than unmanaged forests especially
if the harvested timber is used in long-life products
(Van Deusen 2010) such as construction materials.
Thinning can also enhance the carbon content of the
soils. Gong et al. (2021) showed that thinning treat-
ments could increase soil organic carbon contents,
especially in dry or low moisture conditions (Gong et
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al. 2021). Furthermore, managed forests are known
for their higher resilience to fires and drought stress
(McDowell et al. 2006, Moreno-Gutiérrez et al. 2011,
Sohn et al. 2013). In conclusion, the literature over-
whelmingly suggests that thinning can increase the
resilience of the ecosystems and increase carbon stocks
in certain conditions (Kern et al. 2021).

Carbon and water production are generally known
as competing ecosystem services. As a general state-
ment, the decrease in stand density also decreases bio-
mass carbon stocks but may enhance water yield
through reduced interception and transpiration. How-
ever, studies on the hydrologic consequences of thin-
ning mention a threshold cut percentage for a detect-
able streamflow increase and a period that the increase
disappears (Bosch and Hewlett 1982, Serengil et al.
2007).

Paired catchment studies enable robust assess-
ments on the hydrological impacts of forestry treat-
ments. In the methodology, an entire catchment is kept
untreated while others are subject to various treat-
ments. In our case, two thinning treatments were as-
sessed. The first one was performed in 1986 and the
second one in 2011. The hydrology part of this assess-
ment is based on forty years of continuous flow mea-
surements. A carbon component was added with mass
measurements and soil sampling for CBM—CE3 mod-
el calibration. Our objective was to evaluate hydro-
logic responses of the ecosystems together with carbon
sequestration performances, especially in the mid and
long terms and test if the slight thinnings significantly
affect the water yield and carbon stocks in this type of
ecosystem and in such conditions.

2. Materials and Methods

2.1 Study Catchments and Treatments

The watershed management department at Istanbul
University has initiated a long-term experimental
paired catchment study in 1978 in Belgrad Forest
(Serengil et al. 2007). Five catchments were allocated
and instrumented at the beginning. Later, 2 of the
catchments were excluded, and observations went on
at the remaining 2, coded as W-I and W-IV. The »con-
trol watershed« (W-I) is 71.9 ha, while the »treatment
watershed« (W-1V) is 77.5 ha (Fig. 1). The area is situ-
ated near the city of Istanbul and is considered an ur-
ban forest. Still, the research area is used for producing
water and is prohibited from activities.

The paired catchments are covered with old-growth
mixed broadleaf stands. The annual precipitation is
1050 mm, and the mean annual temperature is 12.8 °C
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(Yurtseven et al. 2018). The precipitation falls mainly in
winter months followed by fall and spring. This is the
typical rainy Black sea climate regime that dominates
the northern Black sea shore of the country. There is a
dry summer period of 2-3 months that causes moderate
water deficit in soils. Despite the dry summer season,
the streamflow of the experimental catchments drops
to zero only during exceptionally dry years.

The soil type is shallow to deep, gravelly, clay loam
in texture, rich in organic matter with moderate per-
meability rates. Soils are slightly acidic with high erod-
ibility rates. Mull type (quickly decomposing) litter
layer is common with an average 5 cm thickness
(Ozhan 1977, Serengil et al. 2007).

Serengil (2018) defined the study area in the »Balkan
mixed forests ecozone« and the climate as »humid,
mesothermal oceanic with a moderate soil-water
deficit in summer«. The study area is covered with
native broadleaf mixed tree species including mainly
Oak (Quercus petraea L., Quercus frainetto Ten.), Beech
(Fagus orientalis L.), and Hornbeam (Carpinus betulus
L.) (Balci et al. 1986, Yurtseven et al. 2018).

Stand type is oak and beech mixture, average stand
age is 82 for both species, according to field measure-
ments canopy closure is higher than 70% (dense/very
dense), the average basal area is 8.94 (m” per ha), aver-
age net primary productivity (NPP) is 8.56. Site class
was described as side class — Il by previous research-
ers from the area. The average dominant tree height
measured during field measurements is 25.18 m.

Paired watersheds were continuously monitored
(daliy meteorological parameters for the local wearther
station and weekly streamflow measurements) and
calibrated with each other for monthly streamflow
during the four-year pre-treatment periods. The first
selective cutting (thinning) treatment was carried out
in W-IV in 1986, involving 11% intervention resulting
in 1820 m® (8.08 ton C/ha) of timber harvest. The sec-
ond one (18%) was performed in 2011, accounting for
4867 m’ (21.61 ton C/ha) timber removal. The harvest
residues were left on site, and the timber was pro-
duced for industrial use. The harvest and transporta-
tion were realized with typical methods of the forest
service. No special techniques were used. The selec-
tion of the indivduals for removal were based on the
tree characteristics and stand structures. The selection
of the tree species to be harvested was random but
aimed to keep the stand mixture unchanged.

2.2 Paired Catchment Methodology

The paired catchment methodology is a wide-
spread watershed research technique (Balci et al. 1986,
Bala et al. 1993, Gokbulak et al. 2016, Ozhan et al. 2010,
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Fig. 1 Location of paired catchments

Serengil et al. 2007). In this well-established technique,
the paired catchments are monitored for a few years
during the calibration period before a treatment is ap-
plied. The precipitation and runoff are recorded and
evaluated on a daily, monthly, or annual basis. Eq. (1)
before the treatments that link streamflow of the con-
trol catchment to the streamflow of the treatment
catchment is called calibration equation and is in the
simple form as follows:

Q=a*Q.+b )
Where:
Q, monthly flow of treatment catchment
Q. monthly flow of control catchment
a,b linear regression coefficients.

The monitoring of the catchments continued dur-
ing the treatment, and the years that followed in both
control and treatment catchments. In our case, the
calibration (pre-treatment) and treatment (post-treat-
ment) periods were determined for four years each
considering that the slight thinning treatments do not

have long lasting hydrological impacts in these eco-
logical conditions.

The difference between the observed and predicted
flows reveals the impact of thinning. While calculating
the difference, upper and lower bounds of prediction
were also considered that are +0.05 of the predicted
values as shown in calibration graphs.

2.3 Carbon Modeling

The carbon modeling part of the study involved all
six carbon pools including aboveground biomass
(AGB), belowground biomass (BGB), deadwood (DW),
litter (L), and harvested wood products (HWP) in line
with IPCC (2006). A powerful software, the Carbon
Budget Model (CBM—-CFS3), was used to calculate and
assess the responses of carbon pools to any manage-
ment intervention or disturbance. The model uses the
IPCC methods as a baseline combined with country-
specific coefficients as necessary (Kurz et al. 2009). It
requires detailed disturbance descriptions (rules) and
forest growth models. The model calculations are
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Table 1 Stand age and total stand volumes (m?) for different growth models in one hectare

Age NFI* Korf Michajlov Chapman-Richards Gompertz Betalanffy
5 15 0 0.01 1.15 5.79 1.95
10 11.54 1.34 3.42 9.27 14.86 12.38
26 104.65 99.7 106.69 102.46 98.13 107.8
40 197.71 22175 226.49 223.97 221.97 223.85
51 350 310.94 306.19 312.21 316.77 308.55
82 436.54 465.26 463.46 471.33 475.21 469.41
100 535 520.49 523.99 515.12 510.17 517.93
R*Values 1 0.9867 0.9863 0.986 0.9855 0.9858
*NFI — National Forest Inventory
based on IPCC gain-loss method (2006) for simulating 600
forest carbon stock changes for different pools and
between pools for past, present, and future. Also, it can 500 \ —
incor diff i ble with th e
porate ditferent scenarios comparable with the
current situation. /
400 /

Pilli and Grassi (2021) tested the model in the EU
region by also creating a EU-specific database (Pilli et
al. 20164, Pilli et al. 2016b). The climatic zones of the
database have similarities in annual mean tempera-
ture, annual total precipitation and main tree species
to Ttirkiye's ecozones and ecological conditions.

Several studies already described the detailed
model structure (CBM-CFS3) including interactions
between pools, disturbance and management matri-
ces, and stock change computations (Kurz et al. 2009,
Smyth et al. 2011, Stinson et al. 2011, Kurz et al. 2018,
Pilli et al. 2017).

Local growth models (age-volume-based) and lo-
cal climatic conditions (annual mean temperature)
were used in this study. The EU-Archive Index Data-
base was also used for some specific coefficients (Pilli
et al. 2016b), which is nearly identical to our ecologic
conditions. Based on our field measurements, age-
volume relations were created by using Chapman-
Richards growth model derived from the Bertalanffy
function. It is currently the most utilized growth func-
tion worldwide (Table 1), and it provided similar re-
sults as our local yield tables. We also performed a
model tune-up by using recent local studies on growth
models of the species under consideration (Usta et al.
2019).

In our analysis, litter and deadwood pools were
combined since the deadwood amount was consider-
ably low. The research site is close to the recreational
areas, and firewood collection by the visitors is wide-
spread.
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Fig. 2 Growth curve created for Mixed-Broadleaved forest stand in
Istanbul, Tiirkiye

Standard 400 m” sample plots were used with an
intensive grid scheme to calibrate the model with basic
stand parameters (i.e., species composition, age, diam-
eter at breast height, tree height). Deadwood, litter,
and soil were sampled to analyze and calculate the C
contents by laboratory analysis. In 2017, the stand age
was 82, with an average tree diameter and height of
29.1£3.1 cm, and 16.6+3.4 m, respectively.

In 2007, the measured standing volume was
322.81 m’ ha’, increasing to 436.54 m’ ha™ at the age of
82 in 2017 (Fig. 2).

The first thinning event (11%) was performed in
1986 when the average stand age was 51, while the
second (18%) was in 2011.
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2.4 Harvested Wood Products

The HWP pool with country-specific coefficients
and EFs was calculated using First Order Decay Func-
tion (FODF) as IPCC (2006) suggested. The FODF (2)
and the parameters we used were:

Cli+1)=e—k*Cl) + ((1-e—k)/k) * Inflow (i) (2)

Where:
i year
C(i) carbon stock in particular HWP category at the
beginning of the year i, Gg C
k  decay constant of FOD for each HWP category
k In(2)/HL, where HL is half-life
Inflow(i) inflow to particular HWP category during the
year
(i) GgC.yr'.
The carbon stock change of the HWP category dur-
ing the year (i) is calculated according Eq. (3):

AC(i) = C(i + 1) - C(i)" ®)

Half-life value for sawn wood is 35 years
Half-life value for wood panels is 25 years
Decay constant of FOD for sawn wood is 0.020
Decay constant of FOD for wood panels is 0.028.

3. Results
3.1 Hydrologic Impacts of Thinning

Calibration equations between the treatment and
control catchments were established for the four-year
pre-treatment before each thinning treatment (Fig. 3
and 4). The forest stands in both catchments remained
unmanaged during the whole monitoring period ex-
cept for the two thinnings. Both monthly calibration
equations were quite good to perform the methodol-
ogy. The coefficient of fit was slightly better for the
second treatment.

We predicted the W-IV streamflow through the
calibration equations and compared it with the ob-
served flow for four years following the treatment
(Fig. 5 and 6). After the first thinning (1986), a low flow
period was observed until October. The observed flow
increased quickly with the start of the autumn rains
and stayed over the predicted flow until February
1987. The difference in the precited and observed
monthly flows shrinked to zero in March and contin-
ued quite identical.

The second treatment (2011) corresponded to a
high flow period of winter and early spring. Therefore,

U. Ozkan et al.
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Fig. 4 Calibration graph and equation for the second treatment in
2011

the response of the observed flow was stronger for the
first six months following the treatment (Fig. 6).

A total water surplus of 113.05 mm was estimated
for the post 4-year following the first treatment (Table
2).

The second thinning produced a total water yield
surplus of 100.76 mm for the following 4-years.
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Fig. 6 Comparison of observed and predicted streamflow data during the post-treatment period (2012-2015)

Therefore, the thinnings roughly caused an in-
creased water yield of around 100 mm in 4 years after
the treatment (Table 2), corresponding to an annual
average of around 25 mm.

3.2 Thinning Impacts on Carbon Stocks

The thinning treatments resulted in the removal of
standing stock, which significantly affected the biomass
carbon stocks. However, the impacts on dead wood,

litter, and soils were less dramatic. The treatments also
created HWP as the sixth carbon pool. Each cutting
treatment caused a certain amount of timber to move
from the aboveground biomass carbon pool to the
HWP pool to start oxidizing theoretically through first-
order decay function (FODF) (Fig. 7, 8, and 9). The be-
lowground biomass left on the site had a slow conver-
sion to the soil carbon pool with a long decay duration
based on the algorithm in the CBM model.
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Table 2 Difference between observed and predicted flows for
various post-treatment periods

Thinning | Observed — Predicted Flows (mm) in the Post Treatment period
Year . 3 Months | 6 Months | 12 Months | 24 Months | 48 Months
(Intensity)

1986
(11%) 12.33 1.30 105.38 80.12 113.05
2011
(18%) 16.48 20.05 32.87 31.92 100.76

As explained above, the selective thinning treat-
ments usually increase the mean annual increment of
the remaining individuals due to increased soil water
and nutrient availability. However, in our case, the
increment was inefficient in triggering growth due to
low post-treatment precipitation, especially after the
second treatment (Fig. 7). In the first treatment, the
remaining trees grew faster during the early 2-3 years
but later became similar to the stands in the Control
Watershed.

The thinnings enhanced the litter carbon pool since
slash composed of leaves and branches were left on
site. The deadwood and litter carbon stock increased
to around 3.5 from 2.5 tons per hectares after the first
treatment and slightly dropped to a carbon stock lev-
el of 3.1 tons per hectare during the following years
(Fig. 8). The influence of increase and decrease in litter
carbon stock was not significant enough to affect soil
carbon stock according to CBM model simulations.
After the first and second thinning treatment, the litter

250
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carbon stocks decreased by around 0.1 and 0.5 tons per
hectare per year. In the second case, a 0.1 ha per year
increase was calculated in soil carbon stock by CBM,
while there was no change after the first treatment
(Fig. 8).

The treatments caused a decrease in litter and
deadwood carbon stocks compared to control stands
by the end of the assessment period. The forest stands
in the catchments had almost the same litter carbon
stocks in 1980, but in 2021, the control catchment for-
ests had 4.6, while treatment catchment had 3.0 tons
per hectares of carbon in this pool. The CBM model
applies around ten years of enhanced mineralization
in litter and deadwood carbon stocks after the thin-
ning treatments, for this ecologic environment.

Soil carbon stocks were much less responsive to the
treatments. As explained above, a slight increase oc-
curred (W-1V) after the second treatment (Fig. 9) as
harvest residues were added.

The harvests added 1520 m® and 3867 m’ of wood
to the HWP pool in 1986 and 2011, respectively. The
pool discharged slowly in time with emissions calcu-
lated through the first-order decay function as ex-
plained above. Considering that the harvested product
was industrial roundwood, the calculated HWP pool
discharge was to end beyond 2100 (Fig. 10). The car-
bon added to the HWP pool was 8 tons per hectare for
the first treatment in 1986 and slightly over 20 tones
after the second thinning. These amounts have all been
received from the AGB pool.
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Fig. 7 Change in total biomass carbon stocks during the assessment period
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Fig. 8 Changes in litter and deadwood carbon stocks of forest stands during the assessment period
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The Net Primary Productivity (NPP) enables us to
understand the effectiveness of the treatment on total
biomass carbon stocks. The NPP increased slightly
after the first treatment as thinning caused a decrease
in the stand closure to lessen the competition between
the remaining individuals (Fig. 11). However, the
stimulated increase did not last long. The NPP of the
thinned stands dropped below the control stands

Year

level after 1991, and the difference in NPP remained
stable until the second treatment. The second thinning
caused a similar but more drastic change in NPP com-
pared to the first one.

As seen in Fig. 12, the carbon stock difference be-
tween the treatment and control catchments was
3.9 tons C/ha at the very beginning of the assessment
based on the measured soil carbon stocks. With the
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Fig. 11 Changes in Net primary productivity during the assessment period

first thinning treatment, the total carbon stocks of the
treated stands dropped due to the loss in annual incre-
ment, relocation of cut timber to the HWP pool, and
some oxidation calculated during the harvest. The
treatment equalized the C stocks per hectare of the
treatment and catchments. However, there was around
a 1 ton C/ha increase in litter carbon stocks with the
slash left on site (Fig. 12).

During the years following the first treatment, the
difference of increment between treated and control
catchments balanced, while the difference in litter car-
bon stock also disappeared. However, emissions from
HWP continued. Carbon stocks per hectare for the
catchments leveled in 1995, and treatment catchment
carbon stocks continued decreasing with emissions
from the HWP pool.
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Fig. 12 Total C stocks in 6 C pools in WV during the assessment period

A similar change in carbon stocks occurred in the
second thinning treatment, but the influence was more
effective this time. By the end of the assessment peri-
od, the total change in the carbon stocks of the treated
stands was 27 tons C per hectare compared to control
stands.

4. Discussion

Two thinning treatments were analyzed by using
paired catchment methodology and a well-proven car-
bon model. The hydrologic response was slightly in-
creased streamflow in line with the relevant thinning
literature (Sun et al. 2015, Komatsu et al. 2010). The
water yield increase for the first treatment was
105.38 mm for the first year and 113.05 mm for four
years after the treatment. The streamflow increase was
similar for the second thinning treatment (+18%),
reaching 100.76 mm for four years after the treatment.
Considering that the region annual precipitation is
around 1200 mm and the runoff coefficient of the catch-
ments are between 20-25% (Serengil et al. 2007), the
water surplus accounted for about 10 percent annually
during the post 4-year periods following the treatments.
The water surplus did not occur during the following
dry summer months but during rainy winter months
of the same year. The forested catchments are known
to have more extensive subsurface flow components
compared to developed ones. Therefore, it is presumed
that the subsurface components need to be charged
before a change in streamflow could be observed.

2000

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Year

Furthermore, the heavy rains end up by April in
the region and the light summer rains have a meager
influence on the streamflow because most events do
not even fill up the interception capacities of the
stands. The same pattern went on for the following
years. Therefore, the treatments seemed to increase the
water yield only during the rainy season, that is in the
winter.

These increased streamflow rates are comparable
or slightly higher than other thinning studies reported
(Bosch and Hewlet 1982, Reinhart et al. 1963, Harr et
al. 1979, Dung et al. 2012). Some studies even reported
a stronger influence. According to Lane and Mackay
(2001), there has been a significant 31 percent increase
in streamflow during the first 4 years following a 12%
thinning treatment. Yang et al. (2019) reported thin-
ning treatments that affected runoff for 12 years and
estimated a 263 mm yr ' increase in the annual runoff.

The effects of thinnings on carbon stocks were
more visible. The total C stocks of the forests in the
treatment catchment were higher than the control at
the beginning of the assessment period, and started to
decrease continuously following the first and second
treatment, reaching a difference of 27 tons per ha by
2020. The second treatment had more substantial im-
pacts on C pools than the first due to more timber
harvested.

The selective thinning treatments are expected to
increase the increment of the remaining individuals
due to reduced competition among the individuals
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(Navarro-Cerrillo et al. 2023). However, in our case,
the increment did not trigger the growth due to low
post-treatment precipitation, especially after the sec-
ond treatment. In the first treatment, the remaining
trees grew faster during the early 2-3 years but
later became identical with the stands in the Control
Watershed (Shi et al. 2023, Yang et al. 2022).

In the early years, the harvests also caused increas-
es in litter and deadwood carbon stocks, but these
pools gradually depleted due to enhanced mineraliza-
tion reaching an equilibrium state. The difference in
litter carbon stocks of treated and control stands was
0.5 tons per hectare before the second thinning treat-
ment. Like the first one, the second treatment caused
a quick replenishment in litter carbon stocks and a
follow-up depletion with enhanced mineralization
caused by additional light and moisture (Kern et al.
2021b, Wang et al. 2018, Jandl et al. 2007, Kunhamu et
al. 2009).

The influence of increased litter and deadwood on
soil carbon stocks was detectable but minimal. In both
treatments, the soil carbon stocks rose very slightly.
The increase in soil carbon stocks was more apparent
and long-lasting in the second treatment. In a study by
Kim (2015), thinning treatment increased the soil car-
bon concentrations at the depth of 0-30 cm in the first
four months after the thinning event, but there was no
significant change after four months. However, some
studies mentioned considerable impacts on soil nutri-
ent pools and soil physical properties (i.e. Johnson and
Curtis 2001).

As explained above, the thinning initiated an HWP
pool with the timber produced. The process was an
instant biomass carbon move to the HWP pool, where
it was emitted continuously based on the half-lives of
the products. We did not track the harvested timber
but assumed that it was used in producing wood pan-
els and sawn wood based on the information provid-
ed by the forestry enterprise. The established HWP
pool maximized in the harvest year and then started
decreasing based on the first-order decay function,
such as emissions. However, the HWP emissions go
on for a very long time compared to other pools since
the products have long half-lives (Palus et al. 2020).
According to Profft (2009), the relation between har-
vest and wood products is vital for the net carbon bal-
ance in the forest sector. Raymer (2011) mentioned
many benefits of using harvested wood products in
different sectors. Iordan (2018) also reported a nega-
tive emission effect of harvested wood products in
Norway, Sweden, and Finland.

Consequently, the results indicated significant
changes in carbon stocks and water budgets. The hy-
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drological impacts were in line with several other
studies reported, but C stock changes were slightly
controversial. As given above, most studies mentioned
enhanced growth of the remaining stands after thin-
ning. In our case, it was also detected to some extent,
but it was weak to compensate for the removed wood.
The climatic conditions, species composition, stand
structure, soils, and thinning rate are the factors that
determine the recovery of the stands (Saunders et al.
2012). The age of the stands and site conditions might
have suppressed the growth in our case.

5. Conclusions

In this study, the hydrological and carbon related
impacts of two slight thinning treatments were ana-
lyzed. The thinning treatments that caused the remov-
al of 11 and 18 percent of the basal area increased the
water yield from the experimental catchment covered
with old-growth deciduous forest ecosystems. The
increases in the following 4 years were very similar
and around 25 mm per year, corresponding to 10-15
percent of the annual water yield. The treatments also
caused a significant loss of carbon that takes decades
to recover. The total ecosystem biomass C stock of the
forest stands in the control catchment is estimated to
reach almost 210 tons by 2020, while the stock of
thinned stands remained slightly over 160 tons per
hectare. When a minor difference in litter and dead-
wood carbon stocks was added, the difference in total
carbon stocks reached over 50 tons per hectare. That
is significant for carbon budgets of any forest type and
shows the trade-off between ecosystem water produc-
tion and carbon removals. As explained above, we
consider that the carbon stocks could recover if the
treatments were performed in early stand ages due to
higher increment ability.

Consequently, our null hypothesis was declined,
since there was a detectable increase in water yield
during the following four years of slight thinning
treatments, and since the reduction in aboveground
carbon stocks continued for more than three decades.

The results are important for the management of
deciduous forests concerning climate-related ecosys-
tem services since the response of the forest stands in
terms of water and carbon have been analyzed in de-
tail. Thinning treatments are very common, but it is
hard to determine the hydrologic impacts of such
slight treatments due to climatic variability. The paired
catchment methodology enabled it. The water produc-
tion perspective indicated a more debatable and short-
lasting impact, strongly affected by the seasonality of
precipitation, ET, and other climatic parameters. It was
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concluded that the timing of the treatment and accom-
panying climate conditions have a strong influence on
the impact level. On the other hand, the carbon per-
spective represented a more drastic, precise, and long-
lasting impact.
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